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APPLICATION  OF  COMPUTER-GENERATED  HOLOGRAMS  TO  OPTI''"AL 
TRANSFORMATIONS 


Zheng  Shenfeng  and  Wang  Tianji;  Boih  of  Guangzhou  Institute-  of 
Elecirronics  Technology,  Chinese  Acader;y  of  Sciences,  Guangzhou 
5100'’5 

Abstract 

Rlng-to-Une,  Une-to-point  and  ring-to-poixxi  optical  transformations  by  using 
computer  generated  bolograms  as  a  bolograpbio  lens  are  discussed  in  ibis  paper.  A 
liquid  crystal  television  spatial  light  modulator  fabricates  computer  generated 
holograms  in  quasi-real  time. 

Key  words;  OQH,  optical  transformation,  liquid  crystal  television  SLM. 


I.  Introduction 


Based  cn  the  fundament?.]  principle  of  recording  with 
hclogra.T.s .  for  the  first  tire  in  1965  Lehmann  [1]  produced  the 
“’crld’s  first  computer-generated  h  _ 

comout er-aener ated  holoaram.  -a  rea’'  ohnect  in  not  ^ecuirod.  ou 


ogi-arr 

'^hen  producing  ? 

object 

in  aot  r ecu i rod. 

bj-ct 

wave  are  r--cuired. 

'.onnen 

ien^Iv  fabric?^  “  e 

This  process  enables  researchers  t-- 
holographic  lens  with  its  transmi.'^sion  t-inction  as  '  ra-doc  f- 
dimensional  joint  function.  Thi.s  hind  c-f  holograph';  Ion-  -L--- 
adaptable  to  the  spatial  '-.sriation  oprio^j,  crystem  in  order 
■  carrv  -aut  optical  transformation.?  in  ’'••■--tina  ct^rtain  dena.nd.? . 


? 


By  using  computer-gener ate-'l  holograms  as  the  holographic 
lens,  Bryngr'ahi  [2,3]  established  a  spatial  variation  opfioai 
system  which  can  execute  certain  optical  transformations,  such 
as  tran.s  l.ati  on  and  parti.al  contraction  among  others.  S.aito,  at 
al  [4]  adopted  the  computer-generated  holograms  to  conduct  real¬ 
time  optical  ln(r)  thet.-i  transformations,  which  can  be  applied  to 
optical  mode  recognition.  Casasent  [5]  executed  th.e  optical  Mei- 
lin  transf orm.at ion  wd.th  the  computer-generated  holograms. 

Based  on  the  foregoing,  the  work  described  in  the  paper 
describes  how  to  use  computer-generated  hologram.s  as  a 
holographic  lens  in  order  to  carry  out  the  following  optical 
transformations:  ring- to-line .  line-to-point  and  ring- to-point . 

(In  the  following  text,  ring- to-line ,  line-to-point  and  ring-to- 
point  transformations  are  briefly  expressed  as  ring-line,  line- 
point  and  ring-point  transformations)  .  Two  following  methods  c..an 
be  used  to  generate  computer-generated  holograms:  the  first 
m,ethod  is  the  conventional  method;  that  is,  a  computer  plotter 
serves  to  produce  a  computer-generated  hologram  before  conducting 
the  optical  ccntraction.  In  the  second  method,  a  com.puter  sends 
the  encoded  dat-a  of  *'.he  computer-generated  hologram  to  a  liquid 
crystal  television  spatial  light  modulator,  thus  producing  the 
comput-er-generated  hologram  in  a  qtiasi-real- time  environment. 

1.  Optical  transf ormation  system 

Fig.  1  is  a  spatial  optical  system  for  executing  the  optical 
transformations.  It  is  assum.ed  that  an  oscillation  amplitude 

dis tr ibuti'-'n  object  f(x,  y'.  is  placed  at  input  plane  I;  the 
holographic  lens  H  (that  is,  the  computer-generated  hologram)  is 

rg.aced.  just  next  to  plane  I.  With  illumination  by  parallel 
coherent  light,  when  digit  phase  function  phi(x,  y)  exists  in  H, 
the  compound  oscillation  amplitude  distribution  F(u,  v)  of  outpu 

plane  0  is 

-?'(«*.  y)e33>[ft^(»,  y)1^\.-ik(pu+yv)/f]aady, 


In  the  equation,  k=2pi /lambda ;  lambda  is  the  light  wavelength. 

Let  ^(»»  y)“  [^(«,  y)/ib]-[(a«+y«)//]',  ;  Eq .  (!'  is  rewritten  into 

y)expC<M(a,  (2) 


Fig- 1  Optical  transformation  system 


For  values  greater  than  K,  the  value  reached  at  tha  limit  iit 
the  integration  of  Eq,  (2)  can  be  derived  with  the  phase 
stabilization  method  [6].  It  can  be  verified  that  a  contribution 
to  integral  comes  only  from  adjacent  zones  of  some  saddle  points. 
At  these  saddle  points,  the  following  relationship  obtains: 

(3) 


From  Eq .  (3),  we  obtain 


dh{9,  y)  _  g/it(<g»  y)  __A 
d9  ■  dv  * 


•  ar  aj  '  2»  dv  • 

If  we  s-=‘lect  a  transf ormat-ion  from  olane  X-*’  to  U-V  as 


’»]  vY 

.yj  9>j 


(4) 


(6) 


From  Eqs .  (5)  and  (4),  we  can  solve  for  phi(X,  Y}  (if  th- 

equation  can  be  solved) .  Then  it  is  apparent  that  for  son- 
transformation  from  plane  X-Y  to  plane  U-V,  the  computer- 
generated  hologram,  with  phi(X,  Y)  displaced  phase  can  he 

produced;  the  optical  path  in  Fig.  1  can  be  used  to  produce  the 
expected  transformation. 


2.  Discussion  on  several  types  of  transformation 
As  the  following  transformation: 


"a]  [■«-*— y 

.yj  l«-y-»J’ 


(6) 


This  is  a  type  of  line-point  transformation  from  plane  X-Y  to 
plane  U-V:  thus  solving  for  the  displaced  phase  function,  we  have 

y)— ^(»*+y*“2ay)o  (7) 

For  ring-line  transformation,  we  can  use 

fa]  (8) 

to  derive  the  displaced  phase  function 


The  ring-point  transformation  can  be  accomplished  if  we  merge  the 
two  above-rnentioned  transformations. 


II.  Experiments 

1.  Generating  computer-generated  holograms 

By  using  a  Ke-Ne  laser  as  the  light  source  at  light 
wavelength  lambda=f;328  nm;  by  taking  the  lens  focal  length  as 
f=250mm.  With  a  computer  plotter,  a  Lee’s  model  computer¬ 
generated  hologram  is  produced.  The  dimensions  of  the  computer¬ 
generated  hologram  are  20x20  cm*.  With  optical  reduction  (50- 
fold  reduction) ,  a  practical  computer-generated  hologram,  can  be 
produced  . 


As  used  in  the  experiments  reported  in  this  paper,  the 
liquid  crystal  television  spatial  light  modulator  was  modified 
from  a  commercially  available  Citizens  brand  OBIA-OH  black-and- 
white  LCD  television  set;  its  screen  dimensions  are  71x53  m.mr , 
and  the  picture  element  points  are  160x130  pixels.  With 
appropriate  m.odif ication  of  the  electric  circuits,  additional 
video  signals  can  be  received.  .A  computer  sends  the  encoded  data 
of  the  computer-generated  hologram  to  the  frame  mem.ory  device, 
which  converts  the  data  into  a  video  signal.  The  video  signal  is 
sent  to  a  LCD  television  spatial  light  modulator  to  produce  a 
computer-generated  hologram,  in  a  quasi-real  time  environment  as 
shown  in  Fig.  2. 
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2.  Realization  of  optical  transf orina tion  i-rith  computer 
generated  hologram. 

Using  the  optclcnl  oath  .-is  sho^n  in  Fig.  1,-  '-'’n  input  plan-  I, 
the  inputs  are  ring  and  line  .segmients..  respecti  ve.iy .  The 
internal  and  external  diameters  of  the  ring  are  2.5  and  3.0  i.in 
respectively;  the  line  width  is  0.25  mm.  After  ring“linr=  (or 
line-point)  transformation,  the  theoretical  anci  actual  output.s  on 
the  output  plane  0  are  shown  in  Fig.  .3(b)  and  (c)  ,  as  j*7ell  as 
Fig.  '1(b)  and  (c).  Combining  the  ring-line  transformation  and 
line-point  transformation,  the  ring-point  transformation  can  be 
executed.  The  experimental  light  path  is  shown  a.s  in  Fig.  5;  the 
inputs  are  shown  in  Fig.  3(a);  and  the  actual  outputs  are  shown 
in  Fig.  5. 


«  .  W 

2  OGH  gannatad  by  IXJTu.  SLM 
(»}  Forzliig-to-llM  (b)  ?ar  llii»-4»-poist 


(a)  <b)  (c) 

Fig.  3  Bing-to-line  tiansfonnation 

(a)  I  plao*  inpot  distribatiaa;  (b)  O  plaa*  thaozstical  oatpot  diitiibation;  (c)  O  plane  practical  outpot 
dlitxfbatioii,  onter;  O-oidar  diffractiep,  both  lidaK  ±l-order  ditfraction. 


(b) 


(0) 


Fig.  4  Line-to-point  transformation. 

(a)  I  plane  inpnt  distribntlon;  (b)  O  plane  theoretical  output  distribution;  (c)  0  plane  practical 
output  distribution,  centeK  0-order  diffraction,  both  sides:  ±l-order  diffra/'finn 


Kg«  5  JSing-to-point  transformation  diagram 
Focus  of  LI  and  L2:  /-aSOmm,  HI  and  H2:  OQH  for  rlng-to-Un* 
and  line-to-point  transformations  respectiyelj,  1  and  0;  Input  and 
on^t  plansa 


Kg.  6  0  plane  practical  ontpnt  distri¬ 
bution  in  ring-to-point  transformation 


III.  Conclusions 


Experiir.snts  in  the  paper  verify  the  fact  that  optical 
transformation  can  be  accomplished  with  computer-generated 
hologram.  As  the  com.puter-generated  hologram  has  quite  good 
flexibility,  such  hologram  is  quite  adaptable  to  use  as  an 
element  for  optical  transf orm.ation  to  accomplish  optical 
transformation  in  meeting  various  requirements. 

Time  required  for  producing  computer-generated  hologram  is 
an  important  problem.  In  the  paper,  liquid  crystal  television 
spatial  light  modulator  is  used  to  produce  the  computer-generated 
hologram  at  quasi-real  time  environment.  This  method  is  still 
rare  in  China  as  not  requiring  the  time-consuming  processes  of 
computer  drafting  of  diagram  and  optical  reduction.  There  are 
the  following  advantages  for  this  method:  time  economizing,  easy 
to  store  and  modification,  and  not  requiring  such  labor-intensive 
processes  as  computer  drafting  and  optical  reduction.  This  is  a 
very  practical  experiment  method.  In  the  paper,  the  resolutions 
produced  by  the  liquid  crystal  television  spatial  light  modulator 
are  relatively  low.  In  the  authors ’  view,  it  is  not  difficult  to 
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produce  a  1024x1024  or  even  higher  spatial  bandwidth  with  similar 
methods . 

First  draft  of  the  paper  was  received  on  4  June  1990;  the 
final,  revised  draft  was  received  for  publication  on  5  November 
1990  . 

REFERENCES 

C-l  ]  A.  W.  Lohxnann  and  D.  P.  Paris;  Appl.  Opt..  1976,  #,  No.  6  (Mar  16),  1739. 

C  2  ]  O.  Bryngdahl;  Opt,  Commm.,  1974, 10,  Na  3  (Feb),  164. 

[3  ]  0.  Brjmgdahl;  J.  Opt.  8oe.  Am.,  1974,  04,  No.  8  (Ang),  1092. 

C  4  ]  Y.  Saito  et  <d;  Opt.  Commun.,  1983, 47,  No.  1  (Ang  1),  8. 

C  5  ]  D.  Oasaaant  at  oL;  Opt.  Commm..  1976,  10,  Na  3(Not).  217. 

[6]  14.  Bush  and  E.  Wolfe,  GUANGXUE  YUANLI  (PRINCIPLE  OF  OPTICS) . 

Vol .  II,  page  1002,  Science  Publishing  House,  Beijing,  1981. 


DISTRIBUTION  LIST 


DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGftNIZAnON  MICROFICHE 


BOSS  DIVRrS-2FI  1 
C509  BALL0C509  BALLISTIC  RES  lAB  1 
C510  R&T  lABS/AVEADOOM  1 
C513  ARRADOCM  1 
C535  AVRADGC»VTSAROCM  1 
C539  TRASANA  1 
Q592  FSTC  4 
Q619  MSIC  REDSTONE  1 

Q008  Nnc  1 

Q043  AFMIC-IS  1 
E051  HQ  USAF/INET  1 
E404  AEDC/DOF  1 
E408  AFVJL  1 
E410  AFDTC/IN  1 
E429  SD/IND  1 
POOS  DOE/ISA/DDI  1 

POSO  cia/ocevadd/sd  2 
lOSl  AFIT/IDE  1 
P090  NSA/CDB  1 
2206  FSL  1 


Microfiche  Nbr:  PID94C000466L 
NAIC-ID(RS)  T-0380-94 


